It is routine practice to perform colonoscopy as a follow-up after an attack of diverticulitis, with the main aim to exclude any underlying malignancy.
D iverticular disease is a common condition in Western society. It is estimated that 10% to 25% patients with diverticulosis present with diverticulitis in their life time. 1 CT scans are increasingly commonly used to confirm the clinical suspicion of diverticulitis. Although there are typical features of diverticulitis on CT, there are also overlapping findings with cancer. After a clinical attack of diverticulitis, it has been a routine practice to perform colonoscopy to exclude other colonic conditions, in particular, bowel cancer. 2 Colonoscopy, however, is not without risk, with the most serious complication being perforation at nearly 0.1%. 3 Diverticular disease also makes colonoscopy technically more difficult because of luminal narrowing, spasm, muscular hypertrophy, and fixation. 4 In particular, in patients with diverticulitis, there is a potential risk of turning a sealed perforation into a free one while performing colonoscopy; it is also associated with a higher incomplete colonoscopy rate. 5 Studies have previously looked at the sensitivity, specificity, and accuracy of CT scans in diagnosing diverticulitis. 6 -11 The aim of this study was to determine whether multislice CT scan alone, with the superior quality and resolution of images, is sufficient to confirm the diagnosis of left-sided diverticulitis and what additional information is gained from colonoscopy, in particular, in excluding colorectal cancer.
SUBJECTS AND METHODS
From January 2003 to June 2009, all patients presented to the public teaching hospitals in Western Australia with a diagnosis of left-sided diverticulitis suggested by CT scan (16-or 64-slice Philips CT scanners) were eligible for inclusion in our retrospective study. Patients were identified by the use of the PACS (common statewide radiology database) and/or medical records using the reference terms of "diverticulitis." All reports were generated by the initial interpretation of the local consultant radiologist on site.
Patients with CT findings suggestive of left-sided diverticulitis were included. Diverticulitis was defined by the presence of diverticula in descending and/or sigmoid colon, surrounding fat stranding, with or without bowel wall thickening. Patients were also included if there were additional complicated features of diverticulitis, eg, abscess formation, local perforation, fistula (ie, colovesical/ colovaginal/colouterine), free perforation, large-bowel obstruction, or pelvic mass.
The names, date of birth, and sex of patients were recorded from CT reports. However, patients' medical conditions, previous history of surgery, or family history of bowel cancer were not available. Colonoscopy reports were available for a subset of these patients and were extracted from Procedure Reports (common statewide endoscopy database). We only included colonoscopy reports for patients who had a follow-up colonoscopy within 1 year from the date of CT scan. We chose 1 year to prevent the inclusion of patients who may have developed interval cancers after their diagnosis of diverticulitis, and to keep the data as close as possible to the original diagnosis of acute diverticulitis. We also excluded patients who had had a colonoscopy within 1 year before the CT scan to minimize selection bias. Patient names and dates of birth were used to link the diverticulitis cohort to the Western Australian (WA) Cancer Registry to confirm the number of patients in this cohort with a diagnosis of colorectal cancer within 1 year after CT scan for those on whom a colonoscopy report was not available.
Statistical Analysis
Student t tests and 2 tests were used to determine differences in study subgroups as appropriate. Exact binomial 95% confidence intervals were estimated for the negative predictive value. A P value of .05 was considered statistically significant. Age-standardized rates of colorectal cancer in the diverticulitis cohort were estimated by the use of the direct method and the World 1960 population as weights. This methodology was used to allow direct comparison with rates of colorectal cancer published for the general population in Western Australia by the WA Cancer Registry (Cancer incidence and mortality in Western Australia, 2007 12 ). Age group-specific population estimates for 2007 for the WA population were obtained from the Australian Bureau of Statistics.
Univariate and multivariate logistic regression models were used to estimate the odds of colorectal cancer. Age was entered as a continuous variable in the models after collapsing into 5-year age groups (where 1 ϭ 0 -4 y, 2 ϭ 5-9 y, to 18 ϭ 85ϩ y). Pearson's goodness-of-fit tests were used to evaluate model specifications. Because of the small number of cancer cases in the diverticulitis cohort, no attempt was made to investigate possible effect modification or better fitting transformations of the age variable in the multivariate models. Statistical analysis was performed using Stata Version 11 (StataCorp, College Station, TX).
RESULTS
There were 1131 patients who initially met the inclusion criteria of a diagnosis suggestive of left-sided diverticulitis on CT scan (Fig. 1) . Forty-three patients were excluded because they had had a recent colonoscopy within 1 year before the CT scan. Therefore, we had a cohort of 1088 patients for subsequent follow-up. The mean age at CT scan was 59.8 years (SD Ϯ15.2 y), and there was an equal distribution of male and female patients. In addition to diverticulitis, 75 (6.9%) patients also had local perforation(s) and 82 (7.6%) had an abscess recorded as a CT finding (Table 1) . Other findings included free perforation, pelvic mass, fistula, and large-bowel obstruction. One patient had multiple liver lesions, presumably liver abscesses.
Twenty-three (2.1%) patients in the diverticulitis cohort were subsequently found to have colorectal cancer within 1 year of the CT. Nine were identified from colonoscopy reports of 319 cases monitored for 1 year, and an additional 14 cases of colorectal cancer within 1 year of CT were identified on the WA Cancer Registry for the 769 patients for whom colonoscopy reports were not available. All corresponded to the location of the left-sided diverticulitis on CT. Combined, this equates to a negative predictive value of diverticulitis diagnosed by CT for colorectal cancer of 97.9% (1065/1088) with a 95% confidence interval of 96.8% to 98.7%.
The age-standardized rate (per 100,000) of colorectal cancer in the diverticulitis cohort was estimated to be 692 (95% CI 308-1075) for females and 448 (95% CI 127-769) for males. These rates were compared against those published for all Western Australians for 2007 by the WA Cancer Registry ( Table 2 ). The incidence rate of colorectal cancer for both males and females with diverticulitis suggested by CT was significantly higher than age-matched groups in the general WA population.
A significantly higher proportion of cancer cases were found in patients with abscess, local perforation, or fistula noted on the CT report compared with those without abscess (Table 3) . To determine whether this association remained after adjusting for the affects of age, sex, and other CT-related factors, a multivariate logistic regression model was constructed (Table 3 ). It was observed that the odds of a diagnosis of colorectal cancer within 1 year of CT suggestive of diverticulitis were increased more than 6-fold in patients with an abscess reported and almost 4-fold in patients with a local perforation noted on CT, after adjusting for age and sex. An 18-fold increase in the odds of cancer DISEASES OF THE COLON & RECTUM VOLUME 54: 10 (2011) was also observed in patients with fistula noted on CT with 4 of 23 cases developing cancer. This study did not detect any association between large-bowel obstruction, pelvic mass, or free perforation noted on CT and the odds of developing cancer, although this is likely due to insufficient statistical power, given the small number of these complications noted on CT. Colonoscopy reports were available on a subset of 319 (29%) patients monitored for 1 year after CT scan. The average time interval between CT scan and colonoscopy was 70 days. Of these, 302 (95%) patients had colonoscopies and 17 (5%) had flexible sigmoidoscopy. There was no difference in the age or sex distribution in those patients for whom a colonoscopy report was available compared with those for whom a colonoscopy report was not available (t test and 2 P values of .687 and .107). The incomplete colonoscopy rate was 6.6% (21/319 patients) and was either due to stricture and narrowing or angulation. Thirteen were caused by strictures of the sigmoid colon (5 due to stenosing cancer and 8 due to diverticular stricture). A further 4 patients were found to have mild to moderate diverticular stricture on colonoscopy but permitted the passage of the scope to obtain a complete view to the cecum. There were no perforations from any colonoscopies.
Following colonoscopy, 284 (89.0%) patients were confirmed to have diverticular disease. Of these confirmed diverticular disease cases, 190 (59.6%) had diverticular disease as the only finding reported, 82 (26.4%) patients also had polyps present, and 1 patient also had a lipoma reported.
Of the 35 (11.0%) patients who did not have diverticular disease confirmed by colonoscopy, 18 (5.8%) were found to have normal findings and 5 (1.6%) were found to have colitis (1 ischemic, 1 active chronic colitis, 1 macroscopically normal, and 2 nonspecific ulcerations); 3 procedures failed or were incomplete. The remaining 9 (2.8%) patients were found to have colorectal cancer (6 sigmoid, 2 rectal, and 1 malignant sigmoid polyp). The association of increased odds of cancer with an abscess recorded on the CT report was also present in this subset of patients (OR 7.9; 95% CI 1.7-35.7) after adjusting for age and sex. Of the 9 patients with confirmed colorectal cancer on colonoscopy, 2 had a pelvic abscess, 1 had liver abscesses, and 1 had a colovesical fistula recorded at the time of the CT scan.
Polyps were incidental findings in 82 (25.7%) patients for whom a colonoscopy report was available. Of these, 20 (24.4%) had right-sided/transverse colon polyps, 41 (50%) had left-sided polyps, and 10 (12.2%) had left-and rightsided polyps; location was not specified for 11 patients. Multiple polyps (Ͼ3 polyps) were noted in 15 (4.8%) patients; 9 (2.6%) patients had polyps Ͼ1 cm. Tubular/ villous adenoma polyps occurred most frequently (42%), followed by hyperplastic polyps (40%). There was no finding of severe dysplasia among the polyps. Five patients had evidence of both types of polyps. One patient had moderately differentiated adenocarcinoma within the polyp (Ͼ1 cm size) and underwent laparoscopic anterior resection; the subsequent specimen showed no residual cancer or metastatic lymph nodes. There was no association between odds of colorectal cancer and the presence of polyps recorded on the colonoscopy report after adjusting for age, sex, and CT-recorded abscess (P ϭ .367).
DISCUSSION
CT has been proven useful in diagnosing diverticulitis, grading the severity of the disease, assessing secondary complications, and predicting the success of conservative management. 13 However, we found that as many as 34% of patients had additional findings or had misdiagnosed diverticulitis on follow-up colonoscopy in those patients for whom colonoscopy results were available-information with the potential to modify patient treatment and outcomes. In particular, the risk of cancer, even though it is still low, it is higher than in the average population, especially when there are findings of abscess, local perforation, and fistula on CT scan. Because there was a higher than expected cancer rate in those patients in whom colonoscopy results were not available, it is fair to assume that polyp and other diagnosis rates would also be increased. This implies that our calculations are probably underestimating the true number of additional findings.
Colonoscopy is usually performed as a follow-up procedure to exclude cancer, which can mimic the presentation and/or CT features of diverticulitis. Colonoscopy is not without risk, and a higher failure rate of cecal intubation is associated with diverticular disease. 5 With the use of a multislice 8-to 10-mm CT scanner, Werner's study of 120 patients achieved a sensitivity of 97%, a specificity of 98%, and an accuracy rate of 98% in diagnosing diverticulitis. 11 Whereas the negative predictive value of CT for cancer in our study was high, colorectal cancer diagnosed within 1 year of a CT scan suggestive of diverticulitis still occurred in a small percentage of patients. We also noted that the incidence rate ratios for cancer appear much larger in the younger age group (40 -64 y age group) compared with the older patients. We report here that characteristics observed on the original CT finding may be useful predictors of colorectal cancer. The presence of an abscess or local perforation or fistula on CT was associated with increased odds of diagnosis of colorectal cancer within 1 year (Table 3 ). However, it is possible that patients with an abscess or local perforation or fistula reported at CT were followed up more closely than other patients in the clinical setting, leading to an earlier detection of colorectal cancer compared with the rest of the cohort. A longer follow-up study could determine this.
The rate of colorectal cancer in this diverticulitis cohort was higher than that found in the general WA population after accounting for the different age structures of the 2 groups. There has been considerable debate in the literature concerning whether diverticulosis or diverticulitis is associated with an increased risk of cancer. Stefansson et al, 14 for example, found an increased risk of left-sided colon cancer associated with patients with diverticulitis, whereas others have reported no association. [15] [16] [17] The lack of consensus appears, in part at least, to be caused by different study designs and methodologies. Meurs-Szojda et al, 16 for example, included all patients who underwent colonoscopy and found no difference in rates of colorectal cancer in patients with and without diverticulosis or diverticulitis. However, it could be argued that their study mainly included patients with asymptomatic diverticulosis rather than diverticulitis.
Colonoscopy also revealed strictures of the sigmoid colon that were not detected on CT. If partial bowel obstructions were more reliably detected by CT, this could change the treatment approach to these individual patients after their episode of diverticulitis. Lahat et al 18 found that colonoscopy changed the diagnosis and/or course of management in nearly 17% of patients with persisting diverticulitis (defined as symptoms continuing for more than 1 week despite conventional intravenous antibiotics).
The strengths of this study included the well-defined study cohort of patients whose CT report was strongly suggestive of left-sided diverticulitis, who have not had a recent colonoscopy. We also limited the follow-up period to within 1 year from the time of the CT scan to lower the chance of cancer developed incidentally.
Limitations of this study include the low rate of follow-up colonoscopy reports due to data unavailability, because the statewide program currently only captures colonoscopies performed in the major public teaching hospitals. Many patients might have had their procedures in the private sector, but because all cancers are recorded at the WA Cancer Registry, any diagnosed by colonoscopy within 1 year of the CT would have been captured in the data. Another limitation of the study was the relatively small number of cancer cases, which reduced the power of the study to detect clinically significant differences. There is also a possibility of selection bias because the overall cancer pickup rate could have been higher in those subset of patients with CT findings of complicated features of diverticulitis. We also acknowledge that we did not have any information on our patients' clinical findings, medical conditions, previous surgery, or family history.
CONCLUSIONS
We conclude that the risk of occult cancer in patients with a presumable diagnosis of left-sided diverticulitis, although low, is still higher than the general population, especially in the younger age group. We recommend routine colonoscopy following an attack of left-sided diverticulitis diagnosed on CT scan, in particular, when it is associated with atypical CT findings such as abscess, local perforation, or fistula. The use of colonoscopy could also be justified by a high incidence of polyp pickup rate and the small incidence of stricture, which might alter the clinical management.
